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Abstract 
The climate change threat to humanity challenges the creation of sustainable transport infrastructure based on the 
triptych of balancing and maximising environmental, economic and social value. A piece of infrastructure may be 
created in a sustainable manner, but may be then subsequently used unsustainably, that would not be sustainable. 
In other words, sustainable transport infrastructure is linked with the use of the most sustainable transport 
choices. Environmental value may be defined by the natural and anthropogenic factors and elements which 
interact with and influence the natural ecosystem, quality of life, and human health and well-being. Emissions are 
a widely accepted way by the Food and Agriculture Organization of the United Nations to “calculate” 
environmental damaging actions. Emissions address the production of pollutants and the placement of waste into 
the environment. The target is to reduce the use of transport modes with high environmental impact (e.g. cars) 
and replace them with transport modes with low or no environmental impact (e.g. public transport, walking, 
cycling). The hypothesis tested is that each individual should be able to understand which transport mode is the 
most sustainable and investigate whether each individual will accept the use of alternative options that consume 
less energy and generate fewer emissions.  The methodology used was statistical inference. The hypothesis 
regarding the individuals’ understanding was verified with some deviations and a table with the environmental 
infrastructure interdependencies was developed based on EXIOBASE 3 database using the emissions generated 
from each transport sector for comparison purposes. 
Keywords: Environment; Transport management; Infrastructure planning 
 
1. Introduction  
Environmental value may be defined by the natural and anthropogenic factors and elements which interact with 
and influence the natural ecosystem, quality of life, and human health and well-being (Riffat et al, 2016; Khatri & 
Tyagi, 2015; Summers et al, 2012). The environment consists of land, subsurface soil and deeper geology, 
groundwater and surface water, sea, air, flora, fauna and natural resources (FAO, 2017). Environmentally 
damaging actions may be considered or expressed by factors such as: environmental pollution, degradation of 
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environmental services, compromising biodiversity, and extraction of natural resources which causes serious 
permanent depletion (FAO, 2017). Only in the UK 40,000 people die prematurely each year from exhaust emissions 
(BBC News, 2016). The target is to reduce the use of transport modes with high environmental impact (e.g. cars) 
and replace them with transport modes with low or no environmental impact (e.g. public transport, walking, 
cycling). To achieve this, the user of these transport systems is treated as a responsible citizen and a key 
stakeholder, one who is capable of thinking and acting in a socially responsible way. This paper places great 
emphasis on the individual and his involvement in the decision making process in transport choice. Environmental 
value has been calculated from the emissions generated, by asking individuals, in a questionnaire survey that was 
representative of the UK’s demography, to indicate their travel distance per year eight transport modes and to 
declare their understanding of transport modes’ environmental and health impacts. 
 
2. Challenges of the Environmental Value 
The environmental damaging actions are difficult to get quantified. The effect of each emission on the human 
health is different not only to the human herd but to each person individually. Emission addresses the production 
of pollutants and the waste placement into the environment (FAO, 2017). They are a widely accepted way by the 
Food and Agriculture Organization of the United Nations to “calculate” environmental damaging actions (FAO, 
2017) and therefore the environmental value of each action. Regarding the transport sector, there are different 
models calculating the emissions generated by each transport mode. The authors have access to primary survey 
data of a representative sample of the UK’s demography describing the percentage of distance covered daily by 
each transport mode (or for a year for air and water transport).  
Table 1. Environmental Impact of Transport/ Worst case scenario (European Environment Agency, 2006; United States 
Environmental Protection Agency, 2016) 
Transport Mode Explanation of transport mode  Worst case scenario  
of CO2e 
(g CO2/ Km*pax) 
Worst case scenario 
Ranking 
Walking Walking 0 1 
Cycling Cycling 0 1 
Rail Tube / Subway; Tram; 
International rail; National rail 
(156/52 passengers) 
14/42 3 
Bus Coach bus (12,7 passengers) 68 4 
Car Big petrol car (1,5 passenger) 158 6 
Taxi Taxi (1,5 passenger) 134 5 
Air transport Short-haul/ Long-haul/ Domestic 
flight (88 passengers) 
285 8 
Water Transport Sea/ Inland ship 245 7 
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The missing data/details regarding the transport mode used (e.g. size of car, type of rail transport) do not allow the 
data to be used as they are. The survey provided only the type of transport as it is described in the first column of 
Table1. The worst case scenario assumption applied for CO2 emissions generation for defined passengers (see 
Table 1) assuming that each individual used the most harmful mode of the second column of Table 1 for the 
environment. Still the distance is not accurate as it was provided by the individuals themselves and not by a 
trustworthy methodology. So the usage of primary data is very challenging.  
The challenge to calculate quantitative the environmental damage (value) can be seen by focusing only in one 
single trip with defined distance (e.g. Buenos Aires to London) and to one type of emission (e.g. carbon emissions). 
The chart below (Figure 1) is based on 2011 UK data from DEFRA, except the emissions from electric cars which are 
taken from a report by EcoMetrica, as this data was absent from the DEFRA data (Beagley-Brown Design, 2012). 
The Figure 1 shows the transport carbon emissions of each transport mode with different number of passengers. 
 
 
Figure 1. Transport Carbon Emissions (Equivalent) Chart (Beagley-Brown Design, 2012) 
 
Buenos Aires to 
London 
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The major issue with the electric vehicles is that the origin of the electricity used cannot be known in micro level. 
But even in strategic level (e.g. country level) the differences are so big. It is obvious that the emissions produced 
indirectly from an electric car in China are more than using a large petrol car with three occupants or a medium 
petrol car with two occupants. Additionally, a car plugged into the mains in France is producing fewer emissions 
than the same car in the United Kingdom and if this energy is produced by solar panels then it would be a zero-
emission process. Another issue is the calculation of the emissions of air transport. Every increase at the weight of 
the airplane or the altitude of the flight has major impact on emission produced and on global warming.  The 
highest the altitude the emissions released the bigger the impact on global warming (Beagley-Brown Design, 
2012). Additionally, each type of flight and sometimes even each organization have different safety rules and 
combing it with the type of the aircraft (Beagley-Brown Design, 2012). 
To conclude the primary data provided by a survey are difficult to be used and not accurate. 
 
3. Water and Air Pollution 
Secondary data of transport emissions may be found from previous studies. The EXIOBASE 3 database includes 85 
types of emissions both for water and air pollution (Stadler et al., 2018). EXIOBASE 3 includes environmentally 
extended multiregional input‐output tables linked with the economic input-output tables of each country (Stadler 
et al., 2018). The emissions should, inductively, be reduced based on what is of interest of this study, because the 
size limitation of this research does not allow the development of the theory (deduction) of all the types of 
emission. The emission will be studied for water and waste pollution. Of interest of this study are transport, 
energy, water, waste and communication.  The separation of the sectors differentiates than the economic (GVA) 
input-output tables. It will be checked by which IOG (input-output group) each emission is produced and if it is of 
interest of this study.  
The EXIOBASE 3 database is the empirical data used to conclude which types of emissions were produced by 
transport, energy, water, waste and communication, a general conclusion, and the theory will come in from the 
resultant observations, as induction commands (Ghauri & Grönhaug, 2010; May, 2011).  
Transport sector includes the IOGs of transportation (economic approach): 1) Transport via railways, 2) Other land 
transport, 3) Transport via pipelines, 4) Sea and coastal water transport, 5) Inland water transport, 6) Air transport 
and the IGOs of manufacturing of vehicles and transport related services (engineering approach): 7) Manufacture 
of motor vehicles, trailers and semi-trailers, 8) Manufacture of other transport equipment, 9) Sale, maintenance, 
repair of motor vehicles, motor vehicles parts, motorcycles, motor cycles parts and accessories and 10) Retail sale 
of automotive fuel. 
Energy sector includes: 1) Production of electricity by coal, 2) Production of electricity by gas, 3) Production of 
electricity by nuclear, 4) Production of electricity by hydro, 5) Production of electricity by wind, 6) Production of 
electricity by petroleum and other oil derivatives, 7) Production of electricity by biomass and waste, 8) Production 
of electricity by solar photovoltaic, 9) Production of electricity nec, 10) Transmission of electricity, 11) Distribution 
and trade of electricity and 12) Manufacture of gas; distribution of gaseous fuels through mains. 
Water sector includes: 1) Steam and hot water supply and 2) Collection, purification and distribution of water. 
Communication sector includes: 1) Post and telecommunications. Waste sector includes: 1) Incineration of waste: 
Food, 2) Incineration of waste: Paper, 3) Incineration of waste: Plastic, 4) Incineration of waste: Metals and Inert 
materials, 5) Incineration of waste: Textiles, 6) Incineration of waste: Wood, 7) Incineration of waste: 
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Oil/Hazardous waste, 8) Biogasification of food waste, incl. land application, 9) Biogasification of paper, incl. land 
application, 10) Biogasification of sewage slugde, incl. land application, 11) Composting of food waste, incl. land 
application, 12) Composting of paper and wood, incl. land application, 13) Waste water treatment, food, 14) Waste 
water treatment, other, 15) Landfill of waste: Food, 16) Landfill of waste: Paper, 17) Landfill of waste: Plastic, 18) 
Landfill of waste: Inert/metal/hazardous, 19)Landfill of waste: Textiles and 20) Landfill of waste: Wood. 
Table 2. Emissions produced by transport sector 
Emission Type of emissions 
(European Environment 
Agency, 2006) 
Assessment method 
(European Environment 
Agency, 2006) 
Literature/Theory 
CO2  Fuel-Related Pollutants Fuel Consumption COPERT model (Laou, 2013) 
CH4  
Non-Regulated 
Pollutant Emissions Coefficients 
COPERT model (Laou, 2013) 
N2O 
Non-Regulated 
Pollutant Emissions Coefficients 
COPERT model (Laou, 2013) 
SOx  
Non-Regulated 
Pollutant Fuel Consumption 
COPERT model (Laou, 2013) 
NOx  Regulated Pollutant Emissions Coefficients 
COPERT model (Laou, 2013) 
NH3  
Non-Regulated 
Pollutant Emissions Coefficients 
COPERT model (Laou, 2013) 
CO  Regulated Pollutant Emissions Coefficients 
COPERT model (Laou, 2013) 
Benzo(a)pyrene  Fuel-Related Pollutants 
Total percentage of 
Volatile organic 
compound 
COPERT model (Laou, 2013) 
Benzo(b)fluoranthene Fuel-Related Pollutants 
Total percentage of 
Volatile organic 
compound 
COPERT model (Laou, 2013) 
Benzo(k)fluoranthen  Fuel-Related Pollutants 
Total percentage of 
Volatile organic 
compound 
COPERT model (Laou, 2013) 
Indeno(1,2,3-
cd)pyrene Fuel-Related Pollutants 
Total percentage of 
Volatile organic 
compound 
COPERT model (Laou, 2013) 
PCDD_F  Fuel-Related Pollutants 
Total percentage of 
Volatile organic 
compound 
COPERT model (Laou, 2013) 
NMVOC  
Non-Regulated 
Pollutant 
Total percentage of 
Volatile organic 
compound 
COPERT model (Laou, 2013) 
PM10 Regulated Pollutant Emissions Coefficients 
COPERT model (Laou, 2013) 
PM2.5 Regulated Pollutant Emissions Coefficients 
COPERT model (Laou, 2013) 
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TSP  Regulated Pollutant Emissions Coefficients 
COPERT model (Laou, 2013) 
As  
Heavy metals 
n/a 
(Stadler et al., 2018) 
Cd  
Heavy metals 
Fuel Consumption 
COPERT model (Laou, 2013) 
Cr  
Heavy metals 
Fuel Consumption 
COPERT model (Laou, 2013) 
Cu  
Heavy metals 
Fuel Consumption 
COPERT model (Laou, 2013) 
Hg 
Heavy metals 
n/a 
(Stadler et al., 2018) 
Ni  
Heavy metals 
Fuel Consumption 
COPERT model (Laou, 2013) 
Pb 
Heavy metals 
Fuel Consumption 
COPERT model (Laou, 2013) 
Se 
Heavy metals 
Fuel Consumption 
COPERT model (Laou, 2013) 
Zn  
Heavy metals Fuel Consumption COPERT model (Laou, 2013) 
NMVOC (non 
combustion) 
Non-Regulated 
Pollutant 
n/a (Stadler et al., 2018) 
 
To conclude inductively we found to 26 emissions produced by the transport sector based on the empirical data 
(see Table 2). The next step is to look for a connection with the theory as induction demands. The 23 of the 26 
emissions are calculated by engineering combustion models as COPERT - Calculation of Emissions from Road 
Transport (Laou, 2013). Two of the missing ones (As and Hg) are produced only by water transport (see Table3) 
and the other one (NMVOC) is a non-combustion pollutant (Stadler et al., 2018). 
 
4. Environmental Value 
Since the economic demand of each sector is calculated and published by the British government (Office for 
National Statistics, 2015), it is easy to calculate the total production of each emission; it is equal to the demand of 
each sector multiplied with the environmental coefficient of each pollutant. For the United Kingdom the 
environmental coefficients of transport sectors are in the following table (see Table 3).  
Table 3. Environmental value of Transport infrastructure in the UK  
 
Combustion 
 
/M.EUR 
Transport via 
railways 
Other land 
transport 
Transport via 
pipelines 
Sea and 
coastal water 
transport 
Inland water 
transport 
Air 
 transport 
CO2 kg 111343.9 75817.3 71681.49 1108655.203 1.83E+07 1862350.55 
CH4  kg 6.238257 4.54647 4.298415 78.72147886 1256.948296 14.3246283 
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N2O kg 42.21357 28.65806 27.09408 73.19358565 4603.169686 53.2051471 
SOx  kg 17.04783 1.969464 1.861975 17143.43579 152268.3867 568.83487 
NOx  kg 1811.144 519.2538 490.9285 25327.8992 408003.4647 6118.75415 
NH3  kg 0.270514 1.05822 1.000488 0.05264327 0.047646388 0.17962125 
CO  kg 371.9159 178.2455 168.5243 2609.062487 41939.39313 11860.3205 
Benzo(a)- 
pyrene  
kg 
0.001062 0.00117 0.001106 6.13E-05 5.55E-05 0.0020887 
Benzo(b)- 
fluoranthene 
kg 
0.001836 0.004233 0.004003 0.007221654 0.113501983 0.00240859 
Benzo(k)- 
fluoranthen  
kg 
9.78E-04 6.61E-04 6.25E-04 2.80E-05 2.54E-05 1.22E-04 
Indeno(1,2,3-
cd)pyrene 
kg 
6.25E-04 4.27E-04 4.04E-04 0.003532855 0.056681484 6.18E-05 
PCDD_F  kg I-TEQ 2.70E-09 2.46E-09 2.33E-09 1.13E-10 1.02E-10 4.57E-10 
NMVOC  kg 160.2165 28.55117 26.99358 844.7898495 13600.89201 435.243209 
PM10 kg 50.23377 30.27385 28.62203 2122.43322 18402.08881 12.4706341 
PM2.5 kg 47.76662 27.92559 26.40159 2122.333157 18402.00751 57.8458301 
TSP  kg 53.38177 44.33343 41.91496 2123.055043 18402.64132 14.1566342 
As  kg 0 0 0 154.8712546 1086.557878 0 
Cd  kg 3.51E-04 2.74E-04 2.59E-04 9.292351941 65.21871018 9.31E-05 
Cr  kg 0.001817 0.003572 0.003377 0.063771562 0.574430091 7.68E-04 
Cu  kg 0.06095 0.092727 0.087669 154.87521 1086.561458 0.02219303 
Hg kg 0 0 0 6.197080476 43.62924232 0 
Ni  kg 0.002449 0.001726 0.001632 9.294917712 65.42838692 6.47E-04 
Pb kg 0.009344 0.006423 0.006072 0.066397099 0.784160389 0.00138649 
Se kg 3.51E-04 3.02E-04 2.85E-04 0.132253666 1.567866517 9.63E-05 
Zn  kg 0.035647 0.047423 0.044836 0.301652597 3.70419127 0.01178429 
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NMVOC (NC) Kg 94.03963 117.3346 1.142945 11.18485141 22.71792767 44.9018179 
Table presents the IOGs’ environmental coefficients of the transport sector as it is defined by the economists and 
not by engineers, meaning excluding vehicles and transport related services. Vehicles and services are considered 
manufacture and services sectors by the economists and not as part of the transport sector as engineers consider.   
At first glance the transportation via pipelines is the most sustainable way since it produced the least pollutants 
and the inland water transport is the most harmful for the environment. Of course this is a quantitative conclusion 
based on the number of the pollutants and not a qualitative since this research does not compare the effect of 
between the different pollutants. In other words, a specific pollutant which is mostly produced by the sector with 
the less other pollutants (transportation via pipelines) may harms majorly the environment regardless of the 
quantity of other pollutants. This needs a deeper analysis from scientists of other fields (e.g. chemical engineers, 
environmental scientists etc.)  
The sustainability ranking changes based on each pollutant, but this matrix is a good way to evaluate each 
transport sector in the United Kingdom. Air transport is less harmful than water transport and more harmful than 
land transport. This opposes the previous findings in the literature. Although the literature presented before (e.g. 
European Environment Agency, 2006) did not consider the freight goods. Additionally, the EXIOBASE are estimated 
emissions per millions of euros of demand of each sector, so the results cannot be compared with the real 
generation of the emissions, since the cost is not representative of the distance covered, the weight of the freight 
goods transferred etc.  
In a questionnaire survey a representative sample of the UK’s demography was asked, above others, to evaluate 
between −5 and 5 the effect of each transport mode to the environment and to the human health; which are 
almost identical since by environment it is meant the human health too. The individuals recognized the ranking 
with some deviations (see Table 4). The main difference is that the participants thought that the car/taxi is the 
most harmful for the environment and not the air and water transport. The other difference is that the 
participants were unable to track the effect of the water to the environment and they though is less than other 
transport modes, although it is the second worst after the air transport. 
Table 4 Transport mode environmental impact ranking 
Transport Mode Environment 
evaluation 
mean 
Health 
evaluation 
mean 
Environment 
Ranking 
Health 
Ranking 
European Environment 
Agency Ranking (2014) 
Walking 3.9100 3.7100 1 1 1 
Cycling 3.8500 3.4033 2 2 1 
Rail -1.5900 -2.4333 3 4 3 
Bus -2.9367 -2.5900 5 6 4 
Car -3.9133 -2.8233 8 8 6 
Taxi -3.6700 -2.6000 7 7 5 
Air transport -3.3367 -2.4733 6 5 8 
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Water Transport -2.4500 -1.8167 4 3 7 
5. Environmental Infrastructure Interdependencies 
Different methodologies were used for calculating the EXIOBASE emissions of each type of industry meaning that 
any correlation will be a result of dependency between the different industries. Additionally, each country/area 
has different sizes of industry developed in lifecycle. 
The key challenge is how to cross-correlate the environmental coefficients to see how correlated. Pearson 
correlation is common method to expose the correlation between series, but since the data were calculated by 
developing time series of detailed environmentally extended multi‐regional input‐output tables, the spurious 
regression or spurious correlation case should eliminated. Spurious regression was reduced as follows:  
Stadler et al. (2018) removed all the perfectly correlated indicators (14 indicators) a priory and the rest 105 
indicators, also showed very high correlations, were reduced with the principal component analysis (PCA) and an 
optimization methodology based on the PCA results. This way the correlation based on the calculating indicators 
and the within-series dependence were eliminated. This can be seen even if coefficients from the same group of 
sectors compared with Pearson’s correlation, since although similar indicators were used, the correlation is not 
high in every cases and never perfect.  
Additionally, the authors of this research did not use the chronological development of the data (time-series), but 
the regional development (same year deferent country). Each country has different way of development over time 
different legislation and is in the deferent point of development. This means that the authors accept the linearity 
of the data (linear regression analysis) and they assume this linear relationship extends to the world total activity, 
so they can apply the Pearson correlation method. This is a safe assumption, as the authors of the EXIOBASE 3 do it 
too. The unknown activity rate is estimated for each year by applying linear regression with constant offset 
parameter. In mathematical terms, it can be seen that it is not the ideal method, but it makes up only a small part 
of the missing data where the real values are missing. (Stadler et al., 2018, S3 – 7) 
To conclude the IOGs that they belong in the same sector group are correlated because similar methodology was 
used to estimate the emissions produced. So these correlations are rejected since it is not sure if they are a result 
or as a result of the estimation methodology. Most probably, they are result of the estimation methodology 
meaning that the results are biased.  
A table with the calculated correlations between the sectors of interests for each pollutant was created. Table 5 is 
the example table of CO2. The sectors within the same group were highlighted and removed (see column 3 at 
Table 5). Then the number of missing data was checked and if the missing data were more than 10%, the 
connection was removed too (see column 2 at Table 5). e.g. EnergyNuclear may be dependent with other sectors, 
but since a lot of the areas studied do not have this type of energy it is not possible to identify the connection.  
Table 5. CO2 emission generation correlation between sectors 
IOGs Correlation – CO2/zeros Type 
WIPlastic - WITextile 1.000/x W-W 
WBFood - WBPaper 0.999/x W-W 
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WIMetal - WCFood 0.999/x W-W 
WIMetal - WIOil 0.993/x W-W 
NWaterSupply -WIMetal 0.993/x N-W 
NWaterSupply - WCFood 0.992/x N-W 
WLFood - WLTextile 0.991/✓ W-W 
WLPaper - WLTextile 0.990/✓ W-W 
WLFood - WLPaper 0.990/✓ W-W 
WLPlastic - WLWood 0.957/✓ W-W 
WIOil - WCFood 0.928/x W-W 
NWaterSupply - WLMetal 0.919/✓ N-W 
NWaterSupply - WIOil 0.919/x N-W 
WIMetal - WLMetal 0.919/x W-W 
EnergyTransm - EnergyDistrib 0.918/✓ E-E 
WCFood - WLMetal 0.913/x W-W 
WLFood - WLWood 0.893/✓ W-W 
WLPaper - WLWood 0.888/x W-W 
WIOil - WLMetal 0.887/x W-W 
WIFood - WIPaper 0.874/x W-W 
WLTextile - WLWood 0.872/✓ W-W 
EnergyCoal - EnergyDistrib 0.846/✓ E-E 
EnergyTransm - NWaterDistrib 0.841/✓ E-N 
EnergyCoal - EnergyTransm 0.828/✓ E-E 
WWFood - WWOther 0.816/✓ W-W 
TManufMotor - TPipelines 0.803/✓ T-T 
EnergyNuclear - EnergyWind 0.767/x E-E 
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EnergyDistrib - NWaterDistrib 0.761/✓ E-N 
WLPaper - WLPlastic 0.753/✓ W-W 
WLFood - WLPlastic 0.750/✓ W-W 
EnergyOcean - WCPaper 0.731/x E-W 
TSaleFuel - Communic 0.725/✓ T-C 
WLPlastic - WLTextile 0.715/✓ W-W 
EnergyCoal - NWaterDistrib 0.707/✓ E-N 
TRail – Communic 0.617/✓ T-C 
EnergyPetrol - TAir 0.598/✓ T-E 
WWFood - WLFood 0.591/✓ W-W 
TSea - WIPlastic 0.591/x T-W 
TSea - WITextile 0.591/x T-W 
EnergyGeoth - TPipelines 0.589/x E-T 
WWFood - WLPaper 0.579/✓ W-W 
WIOil - WWOther 0.579/x W-W 
WWFood -WLTextile 0.565/✓ W-W 
TManufMotor - EnergyGeoth 0.556/✓ T-E 
TOther - TAir 0.554/✓ T-T 
TManufMotor - TManufOther 0.553/✓ T-T 
EnergyBiomass - EManufGas 0.547/✓ E-E 
EnergySolar2 - EnergyGeoth 0.545/x E-E 
WWOther - WLMetal 0.538/✓ W-W 
EnergyNuclear - NWaterDistrib 0.537/x E-N 
EnergyTransm - TOther 0.492/✓ E-T 
TManufOther - TPipelines 0.489/✓ T-T 
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EnergyNuclear - TAir 0.488/x E-T 
WIFood-WIPlastic 0.487/x W-W 
WIFood-WITextile 0.487/x W-W 
TManufMotor - TRail 0.484/✓ T-T 
EnergyTransm - TOther 0.483/✓ E-T 
EnergyNuclear - EnergyTransm 0.481/x E-E 
EnergyNuclear - TOther 0.477/x E-T 
NWaterDistrib - TOther 0.474/✓ N-T 
EnergyBiomass - TPipelines 0.468/✓ E-T 
TManufMotor - EnergyWind 0.464/✓ T-E 
EnergyPetrol - TOther 0.463/✓ T-E 
Energynec - WWOther 0.462/✓ E-W 
EnergyWind - NWaterDistrib 0.462/x E-N 
EnergyPetrol - EnergyDistrib 0.475/✓ E-E 
Energynec - WWFood 0.455/x E-W 
NWaterSupply - WWOther 0.449/x N-W 
EnergyWind - EnergyTransm 0.444/x E-E 
EnergyCoal - EnegryPetrol 0.442/✓ E-E 
EnergyWind -TPipelines 0.440/x E-E 
WBFood - WBSewage 0.434/x W-W 
TSea - WIWood 0.430/x T-W 
WBPaper - WBSewage 0.430/x W-W 
WIMetal - WWOther 0.428/x W-W 
WWFood - WLMetal 0.421/x W-W 
EnergySolar1-EnergySolar2 0.420/x E-E 
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The same process repeated for the other 25 emission and the results are shown to the following table (Table 6).  
Table 6. Environmental Infrastructure Interdependencies 
Emission Transport Dependency Air Land Water 
CO2 Energy; Communication; 
Water; Waste 
Energy; 
Communication; 
Water; Waste 
Energy; 
Communication; 
Water; Waste 
Energy; 
Communication; 
Water; Waste 
CH4 Energy Energy Energy – 
N2O Energy; Communication – Energy; Communication – 
SOx 
Energy; Communication; 
Water; Waste 
Energy; Waste Energy; 
Communication; 
– 
NOx Energy; Communication; 
Water; Waste 
Communication Energy; 
Communication; Water 
– 
WCFood - WWOther 0.420/x W-W 
EnergyNuclear - EnergyDistrib 0.410/x E-E 
EnergyNuclear - EnegryPetrol 0.409/x E-E 
WIOil - WWFood 0.407/x W-W 
TSaleFuel - WLPaper 0.407/x T-W 
Trail-TSaleFuel 0.406/✓ T-T 
EnergyGas - Communic 0.405/✓ E-C 
EnergySolar1 - TRail 0.401/x E-T 
TSaleFuel - WLFood 0.396/✓ E-W 
TSaleFuel - WLTextile 0.387/✓ T-W 
EnergyGas - TRail 0.385/✓ E-T 
WBFood - WCPaper 0.381/x W-W 
WWFood - WLWood 0.381/x W-W 
EnergyGas - TWaterLand 0.378/✓ E-T 
WBPaper - WCPaper 0.377/x W-W 
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NH3 Energy; Communication; 
Water; Waste 
Energy; Water; Waste Energy; 
Communication; 
Water; Waste 
Energy; Water; 
Waste 
CO Energy; Communication; 
Water; Waste 
Energy; 
Communication 
Energy; 
Communication; 
Water; Waste 
– 
Benzo(a)pyrene Energy; Communication; 
Waste 
– Energy; 
Communication; Waste 
– 
Benzo(b)fluoranthene Energy; Communication; 
Waste 
– Energy; Communication Energy 
Benzo(k)fluoranthen Energy; Communication Energy Energy; Communication Energy 
Indeno(1,2,3-
cd)pyrene 
Energy; Communication; 
Water 
Energy Energy – 
PCDD_F (Missing values) (Missing values) (Missing values) (Missing values) 
NMVOC Energy; Communication; 
Water 
Energy Energy; 
Communication; Water 
– 
PM10 Energy; Communication; 
Water 
Energy Energy; 
Communication; Water 
– 
PM2.5 Energy; Communication; 
Water 
Energy Energy; 
Communication; Water 
– 
TSP Energy; Communication; 
Water 
Energy Energy; 
Communication; Water 
Energy 
As (Missing values) (Missing values) (Missing values) (Missing values) 
Cd Energy; Water Energy; Water Energy; Water – 
Cr Energy; Communication Energy Energy; Communication – 
Cu Energy; Communication; 
Water 
Energy Energy; 
Communication; Water 
Waste 
Hg (Missing values) (Missing values) (Missing values) (Missing values) 
Ni Energy Energy Energy – 
Pb Energy; Communication; 
Water 
Energy; Water Energy; 
Communication; Water 
– 
Se Energy; Communication; 
Water 
Energy Energy; 
Communication; Water 
– 
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Zn Energy; Communication; 
Water 
Energy Energy; 
Communication; Water 
– 
NMVOC (non-
combustion) 
Energy; Water; Waste – Energy; Water; Waste – 
 
5. Conclusions  
The statistical inference of the EXIOBASE showed quantitative emission generation interdependencies and of the 
primary data showed the environmental impact of the transport mode as it is understudied by the individuals. 
A deeper environmental analysis is required of how the different pollutant production interacts to each other 
(cause-effect relationship), because essentially these relationships are the result of economic / numerical analysis 
based on quantitative data and not qualitative. The results, in combination with the qualitative relationship 
between the pollutants, may be used by the policy makers to decide which type of transport infrastructure to 
promote. The environmental infrastructure interdependencies relations can generalized as the data used were 
generated from all over the world not only from the United Kingdom.  
On the other had the results regarding the understanding of the environmental of each transport mode by the 
individuals can only be considered applicable in the United Kingdom since this was the area the survey took place. 
Broadly speaking the participants were able to recognize the environmental impact ranking of transport modes 
with some deviations especially on water and automobile transport, probably because of lack of information. 
Although, the best practices as walking, cycling and the public transport were recognized.  
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